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1
STRESS RELIEVED DOVETAIL

BACKGROUND OF THE INVENTION

The present invention relates generally to gas turbine
engine, and, more specifically, to compressor rotor blades
therein.

In one of type of gas turbine engine, a multistage axial
compressor pressurizes air which 1s mixed with fuel in a
combustor and 1gnited for generating hot combustion gases
which flow downstream through a high pressure turbine
which extracts energy therefrom for powering the compres-
sor. Each compressor stage includes a row of circumferen-
fially adjoining compressor rotor blades extending radially
outwardly from a supporting rotor disk. Each blade includes
an airfoil over which the air being pressurized flows, and a
platform at the root of the airfoil which defines the radially
inner boundary for the compressor airflow.

The blades are typically removable, and therefore include
a suitable dovetail configured to engage a complementary
dovetail slot 1n the perimeter of the rotor disk. The dovetails
may either be axial-entry dovetails or circumierential-entry
dovetails which engage corresponding axial or circumfer-
ential slots formed 1n the disk perimeter. A typical dovetail
includes neck of minimum cross sectional area extending
integrally radially inwardly from the bottom of the blade
plattorm which then diverges outwardly mto a pair of
opposite dovetail lobes or tangs.

For axial dovetails, the rotor disk includes a plurality of
circumferentially spaced apart, axially extending dovetail
slots defined circumferentially between corresponding disk
posts. The axial slots and disk posts extend the full axial
thickness of the disk between 1ts axially forward and aft
faces.

For a circumierential dovetail, a single dovetail slot
extends circumierentially around the entire perimeter of the
disk, and axially between forward and aft imperforate posts.
The circumferential slot 1s locally enlarged at one location
for allowing the individual circumiferential dovetails to be
initially inserted radially therein and then repositioned cir-
cumierentially along the dovetail slot until the entire slot 1s

filled with a full row of the blades.

In both types of dovetails, the corresponding disk posts
include complementary lobes or tangs which cooperate with
the dovetail lobes to radially retain the individual blades
against centrifugal force during operation. Each dovetail
lobe 1ncludes a radially outwardly facing outer pressure
surface or face which engages a corresponding radially
inwardly facing pressure surface or face of the disk posts. As
centrifugal load 1s generated by the blade during rotation, it
1s carried radially outwardly from the dovetail lobes 1nto the
corresponding disk posts at the engaging outer and inner
pressure faces thereof.

Since the dovetail necks have minimum cross sectional
arca between the blade platforms and the dovetails
themselves, maximum centrifugal stress 1s experienced at
the necks which must be limited for ensuring blade life. A
typical compressor blade 1s designed for an infinite life
which requires suitably large dovetails and necks thereat for
experiencing centrifugal stress suitably below the strength
limits of the blade material.

The rotor disks, 1n contrast, have a finite limited useful life
since they are more highly stressed than the blades which
they retain. Since axially extending dovetail slots 1n a disk
perimeter interrupt that perimeter along its circumierence,
an axial-entry rotor disk reacts the centrifugal loads 1n a
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different manner than that of the circumferential-entry rotor
disks 1n which the two corresponding disk posts are full
circumferential hoops having a correspondingly high hoop
strength.

In one type of turbofan aircraft gas turbine engine which
entered commercial service 1n this country in the previous
decade, mid-life experience thereof first uncovered fatigue
cracks 1n a stafistically small, yet significant, number of
axial dovetails and the rotor disks therefor. This 1s undesir-
able since a crack 1n a single dovetail uncovered 1n a

periodic maintenance inspection requires replacement of a
full set of the blades, or replacement of the rotor disk if the
crack 1s found therein instead.

To 1mprove the fatigue life of the rotor disk for axial
dovetails, an 1mprovement in the axial dovetail slots was
patented by the present assignee 1n U.S. Pat. 5,141,401-

Juenger et al.

Although that same type of engine includes both axial-
entry and circumferential-entry dovetails, cracks 1n the latter
were not observed at mid-life inspections 1n view of the
different and stronger configuration of the circumferential-
entry dovetails and slots therefor. However, further contin-
ued life of the same engines mto the present decade have
now uncovered yet again a statistically small occurrence of
cracking 1n circumierential dovetails at very high-life cycles
or time. Again, since compressor blades are preferably
designed for infinite life, even a single crack in one blade
dovetail requires the replacement of the entire set of com-
pressor blades, with a correspondingly high cost therefor.

However, in view of the difference in configuration
between axial and circumferential dovetails, a different
solution for high-time circumferential dovetail cracking is
required.

Accordingly, 1t 1s desired to provide an i1mproved
circumferential-entry compressor rotor blade and cooperat-
ing rotor disk.

BRIEF SUMMARY OF THE INVENTION

A rotor blade 1ncludes an airfoil, an integral platform, and
a dovetail integrally joined to the platform. The dovetail
includes a neck extending between a pair of dovetail lobes
coniligured to engage a complementary slot 1in a rotor disk.
The dovetail includes an undercut extending between an
outer face of the dovetail lobes and the neck for imntroducing
a stress concentration thereat. The stress concentration
relieves stress at the outer face at the expense of the neck for
increasing the fatigue life of the blade.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention, 1n accordance with preferred and exem-
plary embodiments, together with further objects and advan-
tages thereot, 1s more particularly described 1n the following
detailed description taken 1n conjunction with the accom-
panying drawings in which:

FIG. 1 1s an 1sometric view of a portion of a gas turbine
engine compressor rotor disk having a circumferential dove-
tail slot for receiving a plurality of compressor rotor blades
having circumierential-entry dovetails in accordance with
an exemplary embodiment of the present invention.

FIG. 2 1s an enlarged, axial sectional view through a
portion of the rotor disk and dovetails 1llustrated 1n FIG. 1
and taken along line 2—2.

FIG. 3 1s an enlarged, partly section view of one of the
dovetail lobes and adjacent neck having an undercut ther-
ebetween 1n accordance with an exemplary embodiment of
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the present mvention cooperating with a corresponding
portion of the rotor disk.

DETAILED DESCRIPTION OF THE
INVENTION

[lustrated n FIG. 1 1s a portion of a multistage axial
compressor 10 of a gas turbine engine, such as a turbofan
engine for powering an aircraft 1n flight. The compressor
includes a rotor disk 12 having a circumierential slot 14 1n
the perimeter thereof.

A vplurality of circumferentially adjoimning compressor
rotor blades 16 are removably mounted 1n the disk slot 14.
Each blade 16 mcludes an airfoil 18 over which air 20 1s
channeled during operation for pressurizing thereof. Inte-
orally joined to the root of the airfoil 1s a corresponding
platform 22 which defines the radially inner flowpath bound-
ary for the air 20 being compressed.

Each blade 18 also includes a circumierential-entry dove-
tail 24 mtegrally joined to the platform 22 and extending
radially mmwardly therefrom. Each dovetail 24 includes a
neck 26 of mimimum radial cross sectional area extending
axially between a pair of dovetail tangs or lobes 28,30
configured to engage the disk slot 14 to radially retain the
individual blades 18 to the disk perimeter.

As 1llustrated 1n more particularity in FIG. 2, the rotor
disk 12 includes a circumierentially continuous forward post
defining a corresponding axially forward disk tang or lobe
32 facing radially inwardly to engage the dovetail forward
lobe 28. Stmilarly, the disk also includes an axially aft post
defining an aft tang or lobe 34 which engages the corre-
sponding dovetail aft lobe 30.

The dovetail lobes 28,30 include radially outer, forward
and aft pressure faces 36,38 facing radially outwardly to
engage corresponding radially inner, forward and aft pres-
sure faces 40,42 facing radially inwardly from the corre-

sponding disk lobes 32,34 defining the disk slot 14.

In accordance with the present invention, the dovetail 24
also includes an undercut 44 extending between at least one
of the outer faces 36,38, and preferably both, and the neck
26 for introducing a local stress concentration thereat. Stress
concentrations are normally reduced or eliminated wherever
possible 1n conventional practice since maximum utilization
of a material typically corresponds with minimizing the
stress therein. The conventional dovetail over which the
present mvention 1s an improvement has a continuous and
smooth radius from the corresponding dovetail lobes thereot
to the neck for minimizing stress concentration 1n this region
for promoting high dovetail life. This conventional contour
1s 1llustrated 1n phantom 1n more detail in FIG. 3 along with
an exemplary form of the undercut 44 thereat.

It has been discovered using detailed analysis that the
introduction of a local stress concentration provided by the
undercut 44 can substantially relieve the maximum stress
experienced by the dovetail 24 during operation, and thereby
increase 1its useful life above the high cycles previously
achieved for the basic blade. But for the introduction of the
specific undercut 44, the remainder of the compressor blades
16 may be conventional 1n configuration and function, such
as the compressor blade presently enjoying commercial
service 1n this country for over a decade, and over which the
present invention 1S an 1mprovement.

As the rotor blades are rotated during operation, centrifu-
cal force 1s generated thereby and 1s carried 1n turn through
the dovetails thereof 1nto the corresponding rotor disk lobes.
As shown 1 FIG. 3, the corresponding outer and inner
pressure faces 36,40 are typically straight or flat in axial
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proiile and engage each other over the effective contact area
therebetween for carrying the centrifugal loads, designated
F, 1n a normal or perpendicular direction therebetween from
the dovetail to the rotor disk.

The centrifugal load of all the material above the neck 26
must be carried therethrough, which in conventional practice
defines the life limiting section of the dovetail which must
be suitably large for maintaining the maximum stress thereat
suitably below the fatigue strength of the blade material.
Since the size and configuration of the airfoils 18 are
controlled by the required aerodynamic performance of the
blade, the dovetail and disk design must be suitably tailored
for supporting the required airfoil with limited stress for

ensuring the required lives of the blades and disk.

Since the outer and mner faces 36,40 engage during
operation, they are also subject to friction therebetween.
Friction generates a force parallel to the lobe faces and
perpendicular to the direction of the normal force F. The
magnitude of the friction force 1s based on the coeflicient of
friction between the engaging faces, and wear or fretting
may occur due to differential sliding movement therebe-
tween. The friction forces 1n turn generate additional surface
stress at the engaging faces which also affects the complex-
ity of the dovetail design. Friction may be minmimized by
applying a dry film lubricant, such as molydisulfide, to the
engaging pressure faces of the dovetail and disk. However,
such lubricant wears over the blade life, and as 1t wears the
frictional surface stress increases.

Analysis has uncovered that the shear stress created by the
friction forces along the dovetail lobe outer faces 36,38
varies thereover to a maximum stress concentrated at the
radially outer edge 46 thereof where 1t breaks away from the
forward post inner face 40. Both steady-state and vibratory
components of the stress field at the forward and aft outer
cdges 46, also referred to as edge of contact, are locally
increased by the friction affect.

These friction induced local stresses at the outer edges 46
are minimum 1n blade early life when the dry lubricant 1s
most effective, and increase over the life of the blade as the
dry lubricant wears. Accordingly, 1t has been discovered that
the maximum dovetail stress may be 1nitially found at the
dovetail neck 26 1n early blade life, but then transitions to at
least one of the outer edges 46 of the two outer pressure
faces 36,38 at mid-life. This mid-life transition in maximum
stress can then lead to a shortening 1n remaining available
life of the blade dovetails, with any cracking therein requir-

ing replacement of the entire set of rotor blades of the same
disk.

By introducing the undercut 44 at one or both of the outer
cdges 46 of the dovetail pressure faces, a deliberate stress
concentration 1s 1ntroduced thereat which would be unac-
ceptable 1n a rotor blade according to conventional practice,
but-for the secondary advantages thereof 1n accordance with
the present invention. Although the undercuts 44 initially
may 1ncrease the maximum stress experienced the blade
dovetaill 24 1n early blade life, the same undercuts 44
significantly reduce the maximum stress which would oth-
erwise occur at the outer edges 46 due to friction as the dry
lubricant wears during operation above mid-life. Arelatively
higher early life stress increase i the blade dovetails is
beneficially offset by a substantial reduction in later life
stress of the dovetails as the frictional forces 1ncrease, for
substantially increasing the overall life of the blade dovetail
over that previously experienced in the same dovetails
without the undercuts 44.

Accordingly, the maximum stress experienced by the
dovetail 24 may be relieved by specifically mtroducing a
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local stress concentration using the undercut 44 between
cither one of the dovetail lobes 28,30 and the adjacent
dovetail neck 26. In this way, stress at the dovetail outer
faces 36,38 at the outer edges 46 thereof may be substan-
fially relieved by instead increasing stress at the dovetail

neck 26.

In a given blade design, a given amount of centrifugal
load must be carried by the dovetail 24 1nto the rotor disk 12,
irrespective of the speciiic configurations of the dovetail 24
and disk slot 14. However, by specifically configuring the
dovetail 24 as described above, the load distribution and
corresponding stress pattern therefrom may be preferentially
changed for locally increasing stress at the dovetail neck
during early blade life, while correspondingly decreasing
maximum blade stress at the outer edges 46 during later
blade life for providing an 1mproved dovetail having
enhanced life.

As shown 1n FIG. 3, the undercut 44 1s preferably arcuate
in axial section to change the surface contour of the dovetail
lobe 28 between the outer face 36 thereof and the adjacent
neck 26. Since the undercut 44 1s a stress concentration, 1t 1S
desired to decrease the undesirable aifects thereof nearthe-

neck26.

For example, the undercut 44 illustrated in FIG. 3 may be
mnitially introduced by providing a relatively small first
radius of curvature A thereof adjacent the outer face 36 at the
outer edge 46, with the undercut 44 then changing its
contour to a greater radius of curvature B 1n the axial
direction adjacent the neck 26. The undercut 44 breaks away
from the surface of the outer face 36 at an acute angle C of

about 300-400 for example.

The undercut at 1ts first, small radius A may therefore be
shielded by the larger radius B, or, alternatively, the undercut
44 may vary 1n contour by several changes 1n radius from the
outer edge 46 to the neck 26. In this way, the undercut 44
fransitions from an abrupt or discontinuous form at the edge
of contact 46 to a gradual arc up to the neck 26, and
minimizes the reduction in cross sectional area of the neck
26 as much as possible within the available space.

Accordingly, the undercut 44 may be sized in depth into
the dovetail relative to the outer pressure face, and contoured
in radius for preferentially relieving stress at the dovetail
outer faces 36,38 at the outer edges 46 thereof, by instead
increasing stress at the neck 26. A stress increase early 1n
blade life allows significant stress relief 1n later blade life.

As shown 1n the FIG. 1 exemplary embodiment, the disk
slot 14 extends circumfierentially around the rotor disk 12,
and the dovetails 24 are circumferential dovetails in contrast
with axial dovetails. The airfoils 18 each include a leading
cdge 48 and an axially opposite trailing edge 50 over which
1s channeled the air 20 during operation 1n a downstream
direction therebetween. The dovetail forward lobe 28 faces
axially forwardly in the upstream direction, and the dovetail
aft lobe 30 faces axially aft in the downstream direction.
Correspondingly, the forward outer face 36 as 1llustrated 1n
FIG. 2 1s disposed upstream of the aft outer face 38.

In this configuration, the disk slot 14 extends circumfer-
entially and 1s therefore annular about the centerline axis of
the disk, and the mdividual dovetails 24 are arcuate 1n the
circumferential direction around the disk slot 14. It 1is
therefore preferred to mtroduce the undercut 44 1n the
dovetail 28,30 to match the circumierential curvature of the
disk slot 14 at the respective forward and aft inner faces

40,42 of the disk lobes 32,34.

For example, FIG. 1 1llustrates that the undercut 44 for the
forward dovetail lobe 28 has a radius of curvature D relative
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to the centerline axis of the disk which matches the radius of
curvature of the corresponding disk forward lobe 32. In this
way, the undercut 44 does not diminish the contact area of
the dovetall and disk lobes, but instead maximizes that area
for reducing the magnitude of the normal centrifugal loads
transferred from the dovetail mto the disk lobes.

As the air 20 1llustrated in FIG. 1 1s pressurized by the
rotating airfoils 18, the airflow pressure at the airfoil trailing
cedge 50 15 correspondingly greater than the airflow pressure
at the leading edge 48. This 1n turn creates a counterclock-
wise bending moment on the individual airfoils 18 which 1s
reacted by different normal centrifugal loads at the forward
and aft dovetail lobes 28,30. Analysis has uncovered that
unlike the normal centrifugal force F profile illustrated in
FIG. 3, a conventional dovetail forward lobe will experience
orcater normal force F at the outer edge 46 which decreases
along the outer pressure face thereof to the radially inner end
thereof. The high normal force at the forward outer edge 46
correspondingly increases the local stress thereat. However,
by providing the forward undercut 44 for at least the dovetail

forward lobe 28, significant stress relief may be provided
thereat as described above.

Since the pressure induced bending moment on the air-
foils 18 effects a different normal force along the aft dovetail
lobe 30, as opposed to the forward lobe 28, the undercut 34
may or may not be used therewith. In the preferred embodi-
ment 1llustrated in FIG. 2, an aft one of the undercuts 44 1s
also disposed between the aft outer face 38 and the neck 26
in similar manner to the forward undercut 44 at the forward

lobe 28 to provide stress relief at both locations.

Since the respective forward and aft undercuts 44 are
disposed 1n most part radially below the dovetail neck 26,
they minimize the reduction 1n cross sectional area thereof,
yet still provide suitable transitions to the corresponding
forward and aft outer faces 36,38 for efiecting stress relief.

In an exemplary embodiment, the depth of the undercuts
44 compared to the original blade dovetail without undercuts
1s as little as about 0.25 mm for achieving stress relief and
a substantial increase in high cycle fatigue life of the
dovetails. Furthermore, this improved fatigue life may be
obtained without changing the configuration of the disk slot
14 1itself, which allows retrofit into existing engines in
service by simply replacing used compressor blades with
new undercut compressor blades.

Since the maximum stress experienced by the dovetail
outer faces 36,38 includes a frictional component which
increases as the dry lubricant thereon wears during
operation, that stress may be controlled by varying the
magnitude of the normal pressure force F on the dovetail
lobes.

In accordance with another feature of the present
invention, means are provided for changing or adjusting the
relative stiffness of the dovetail 24 at the forward outer face
36 and the disk 12 at the corresponding forward inner face
40 to effect the normal load profile F illustrated in FIG. 3
which 1s generated under centrifugal force with an 1ncreas-
ing magnitude radially inwardly away from the outer edge
46 over the radial extent of the outer face 36. In this way,
relative dovetail/disk stifiness may be tailored to minimize
the edge of contact loading at the forward outer edge 46.

As mdicated above, the improved load profile F illustrated
in FIG. 3 1s opposite 1n configuration than the conventionally
ciiected load profile and may be used 1n combination with
the forward undercut 44 for enhancing dovetail stress relief.

The relative stiffness may be adjusted by sizing the
dovetail 24 as illustrated 1n FIG. 2 with greater radial height
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with a lower radially inner base or root as compared with the
conventional dovetail root illustrated in phantom, to sub-
stantially fill the available space in the dovetail slot 14.
Sufficient space exists 1n the conventional dovetail slot 14 to
increase the depth of the dovetail 14 for correspondingly
increasing the rigidity of the dovetail 24 itself. The corre-
sponding forward and aft lobes 28,30 are therefore more
rigid, and as a result thereof the preferred contact force
proiile F illustrated in FIG. 3 may be effected which mini-
mizes the contact force at the forward outer edge 46, and
thereby also reduces the frictional stress affected thereby in
conjunction with the stress relief provided by the forward
undercut 44.

Alternatively, or in addition, the forward disk lobe 32 may
be made more {flexible than the conventional lobe by
decreasing its radial height as illustrated 1in phantom line in
FIG. 2. The increased flexibility of the disk forward lobe 32
also promotes the increasing contact force profile illustrated
i FIG. 3, with minimum contact force at the forward outer
cdge 46. However, increasing the flexibility of the disk lobe
32 requires machining thercof, and would therefore be
preferable 1n a new compressor design over a retrofit appli-
cation.

Accordingly, with relatively minor changes in an other-
wise conventional circumferential dovetail 24, at least the
forward undercut 44, and preferably also the aft undercut 44,
may be introduced therein without significantly decreasing

the load carrying area of the neck 26, and without adversely
affecting the load carrying capability of the two dovetail
lobes 28,30 while providing substantial stress relief therein.
The 1mproved dovetail blade 24 fits within the existing
envelope of a conventional circumferential dovetail slot 14,
and therefore allows the retrofit of the improved blade 16
therein. An early life increase 1n maximum dovetail stress 1s
oifset by a significant reduction 1n later life dovetail maxi-
mum stress, with a corresponding 1ncrease 1n the fatigue life

of the blade.

While there have been described herein what are consid-
cred to be preferred and exemplary embodiments of the
present invention, other modifications of the invention shall
be apparent to those skilled in the art from the teachings
herein, and 1t 1s, therefore, desired to be secured in the
appended claims all such modifications as fall within the
true spirit and scope of the mvention.

Accordingly, what 1s desired to be secured by Letters
Patent of the United States 1s the mvention as defined and
differentiated in the following claims in which we claim:

1. A gas turbine engine rotor blade mountable 1n a rotor

disk slot, comprising:

an airfoil;
a platform integrally joined to said airfoil; and

a dovetail integrally joined to said platform, and including
a single neck of minimum cross sectional area extend-
ing between a pair of dovetail lobes configured to
engage said disk slot;

cach of said lobes including an outer face facing out-
wardly to engage corresponding 1nner faces of said disk
slot; and

an undercut extending between at least one of said outer
faces and said neck for introducing a stress concentra-
tion thereat.

2. A blade according to claim 1 wherein said undercut 1s

arcuate to change contour of said lobe between said one
outer face and said neck.
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3. Ablade according to claim 2 wherein said undercut has
a greater radius of curvature adjacent said neck than adjacent
said outer face.

4. A blade according to claim 3 wherein said disk slot
extends circumierentially, and said dovetail 1s a circumier-

ential dovetail.

5. A blade according to claim 4 wherein said airfoil
includes leading and trailing edges for channeling air 1n a
downstream direction therebetween, and said one outer face
1s a forward outer face disposed upstream of said other outer
face being an aft outer face.

6. A blade according to claim § wherein said undercut 1s
arcuate circumierentially to match curvature of said disk slot
at a forward one of said inner faces.

7. A blade according to claim 5 wherein said undercut 1s
sized and contoured to relieve stress at said forward outer
face by instead increasing stress at said neck.

8. A blade according to claim 5 further comprising an aft
one of said undercuts disposed between said aft outer face
and said neck.

9. Ablade according to claim 5 further comprising means
for adjusting relative stifiness of said dovetail at said for-
ward outer face and said disk at said corresponding inner
face to effect a normal load profile therebetween under
centrifugal force increasing away from said undercut.

10. A blade according to claim 9 wherein said adjusting
means comprise sizing said dovetail in radial height to
substantially fill said dovetail slot.

11. A method of relieving stress 1mn a circumierential
dovetail of a rotor blade mounted 1n a complementary slot in
a rotor disk comprising 1ntroducing a stress concentration
between at least one of a single pair of dovetail lobes and an
adjacent dovetail neck.

12. A method according to claim 11 wherein said dovetail
lobe includes an outer face facing outwardly to engage a
corresponding inwardly facing inner face of said disk slot,
and said stress concentration 1s effective for relieving stress
at said outer face by instead increasing stress at said neck.

13. A method according to claim 12 further comprising
adjusting relative stifiness of said dovetail at said forward
outer face and said disk at said corresponding 1nner face to
cffect a normal load profile therebetween under centrifugal
force increasing radially inwardly.

14. A gas turbine engine rotor blade mountable 1n a rotor
disk slot, comprising:

an airfouil;
a platform integrally joined to said airfoil; and

a dovetail integrally joined to said platform, and including
a neck of mimmum cross sectional area extending,
between a single pair of dovetail lobes configured to
engage said disk slot;

cach of said lobes including an outer face facing out-
wardly to engage corresponding 1nner faces of said disk
slot, with each outer face having an outer edge of
contact for breaking away from said inner faces; and

an undercut extending between at least one of said outer
faces and said neck for introducing a stress concentra-
tion thereat, and having a discontinuous transition at a
respective one of said edges of contact.

15. A blade according to claim 14 wherein said undercut

1s arcuate at said edge of contact and breaks away from said
outer face at an acute angle.
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16. A blade according to claim 15 wherein said undercut
varies 1n radius between said edge of contact and said neck
to minimize reduction 1n area of said neck.

17. A blade according to claim 15 in combination with
said rotor disk, and being disposed in said disk slot, and
wherein said slot 1s defined between a pair of disk lobes
having said inner faces up to said edges of contact for
maximizing contact area therebetween.

10

18. A combination according to claim 17 wherein said
inner faces are straight along said dovetail lobes to said
edges of contact, and arcuate along said edges of contact.

19. Ablade according to claim 15 wherein said inner faces
are straight along said dovetail lobes to said edges of
contact, and arcuate along said edges of contact.




	Front Page
	Drawings
	Specification
	Claims

